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INTRODUCTION
The swimming crab Portunus acuminatus
(Stimpson, 1871) is a shallow water species distrib-
uted along the Pacific coast of America, from the
Gulf of California (USA) to La Libertad (Ecuador).
Sandy and/or muddy sediments are the habitat of P.
acuminatus. Ovigerous females can be found from
February to May (Garth and Stephenson, 1966).
The morphology of P. acuminatus zoeae has not
been described yet. In the present study we describe
and illustrate the first zoeal stage hatched in the lab-
oratory and compare its morphology with described
zoeae of other portunid species within the subfami-
ly Portuninae. The study gives a detailed description
of the larvae by analysing all morphological struc-
tures, by using a combination of SEM, light
microscopy and dissection techniques. This
includes an analysis of the inner, molar part of the
mandibles with the SEM.
MATERIALS AND METHODS
Ovigerous females of P. acuminatus were
trawled in April 2004 at a depth of 12 m in the Gulf
of Nicoya, Pacific Costa Rica (90°48.899’N,
84°40.498’W). Individuals were transported to the
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SUMMARY: Larvae of Portunus acuminatus (Stimpson, 1871) from one female, collected by trawling at a depth of 12 m
in the Gulf of Nicoya, Pacific Costa Rica, Central America (090°48.899’N, 084°40.498’W) were hatched in the laboratory.
The morphology of zoea I is described and illustrated for the first time and compared with known zoeae of other portunid
species belonging to the subfamily Portuninae. We present a combination of three features which allows zoea I larvae of P.
acuminatus to be distinguished from other described larvae of the genus. Descriptions are based on dissected larvae analysed
by SEM and light microscopy.
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RESUMEN: MORFOLOGÍA DE LA PRIMERA ZOEA DE PORTUNUS ACUMINATUS (STIMPSON, 1871) OBTENIDA EN EL LABORATORIO. –
Se describe el primer estadio larvario del cangrejo Portunus acuminatus. Las larvas se obtuvieron en el laboratorio a partir
de una hembra ovígera capturada en el Golfo de Nicoya (090°48.899’N, 084°40.498’W), Pacífico de Costa Rica. La des-
cripción se ha realizado con la ayuda del microscopio electrónico de barrido y el microscopio óptico. Los caracteres morfo-
lógicos son comparados con los de otras especies de la subfamilia Portuninae. Presentamos una combinación de tres carac-
teres que permiten distinguir la primera zoea de P. acuminatus de otras larvas del género.
Palabras clave: morfología larval, zoea, SEM, Portunidae, Costa Rica, descripción.
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laboratory of the Universidad de Costa Rica, San
José, and held in separate aquaria containing filtered
seawater at ambient temperature and salinity
(22±2°C, 33.0 psu). The females were identified
according to Garth and Stephenson (1966). Water
was changed daily. Ovigerous females were not fed,
and kept under these conditions until the larvae
hatched.
Recently hatched larvae were removed from the
vials and fixed in a graded ethanol series (30%,
50%, 70%, 10 min. each) (see Meyer and Melzer,
2004). Fixed larvae were transported in August 2004
to the Zoologischen Staatssammlung München
(Germany), where the SEM and light microscope
preparation was done.
SEM preparation: fixed specimens were dehy-
drated in a graded acetone series (70%, 80%, 90%,
2 x 100%, 10 min. each). Larvae were either critical-
point-dried in a Baltec CPD 030 or in HMDS
(Hexamethyldisilazane) after Nation (1983) (see
also Laforsch and Tollrian, 2000). After mounting
on SEM stubs with self adhesive carbon stickers,
individuals were dissected using a binocular and
thin tungsten wires to make sure that all appendages
were optimally orientated and separated for the
scanning procedure. The dried specimens were coat-
ed with gold on a Polaron “Sputter Coater” and stud-
ied with a LEO 1430VP SEM at 10-15kV. To make
sure that no setae on the appendages were removed
or broken during the dissection, several appendages
of each type were scanned and compared.
Light microscopy: ethanol fixed specimens were
dissected in glycerine using a dissecting microscope
and tungsten wires. For light microscopy, a Leica DM
RBE and an Olympus SZX 12 equipped with a
Visitron Spot Insight Colour digital camera were used.
It was not possible to dissect the complete set of
appendages of a single, individual zoea. Therefore,
many zoeae were prepared, and setae were counted
from between 6 and 10 specimens of each type of
appendage. The drawings of the maxillule and the
maxilla were made with the aid of a camera lucida
and then compared with the SEM data to analyse the
different types of seta and smaller structures. For
classification of the different types of setae we fol-
low the terminology of Ingle (1992).
Measurements of the Zoea-I-larvae were done
using LEO’s SEM-User-Interface-Software.
Carapace length (CL) was measured from the base
of the rostrum to the posterior margin, carapace
width (CW) as the distance between tips of lateral
spines, the total length (TL) from the base of the ros-
trum to the tip of the furca, dorsal spine length (DS)
from the base of the dorsal spine to the tip, rostral
length (RL) from the base of the rostral spine to its
tip, and the rostrodorsal length (RDL) as the dis-
tance between the tip of the dorsal spine and the tip
of the rostral spine. Measurements are based on a
total of 10 larvae.
The female and zoeae of P. acuminatus were
deposited at the Zoologische Staatssammlung
München under the registration numbers ZSMA
20050130 for the adult and ZSMA 20050131 for
the larvae.
RESULTS
Description of the Zoea I
Dimensions [µm]: RDL = 996.61 ± 36.5, RL =
293.14 ± 6.7, DS = 427.1 ± 18.5, TL = 1041.3 ±
27.2, CW = 528.4 ± 19.5, CL = 363 ± 23.9.
General Characteristics (Fig. 1A-C)
Compound eyes sessile (Fig. 1A, B). Dorsal
organ in anterio-median region of the carapace (Fig.
1A, B). Carapace surface covered with tuberculettes
(Fig. 1A, insert), with posteriorly curved smooth
dorsal spine and lateral spines (Fig. 1A). Dorso-lat-
eral region, between dorsal and lateral spine, with a
pair of pappose setae (Fig. 1A, B). Anterior part of
rostral spine with small denticles (Fig. 1A).
Abdominal segments 2-5 with dorso-marginally
located setae (Fig. 1B).
Carapace (Fig. 4A): Group of pore-like struc-
tures located in the dorso-median region (Fig. 4A).
Two rows of pores posterior to dorsal spine; anteri-
or row with 4 pores, posterior row with 2. 2 pappose
setae in the dorso-lateral region.
Antennule (Fig. 2A): Conical, unsegmented,
with 2 aesthetascs and 2 single setae.
Antenna (Fig. 2A): Elongated spinous process
bears on its proximal part setules (S) grading on the
distal half in two rows of minute spines (D, inserts).
Exopod unsegmented, with 2 terminal simple setae
unequal in length.
Labrum (Fig. 4B): Posterior portion invested with
numerous small denticulettes; labrum without setae.
Mandible (Fig. 4C, D): Left and right mandible
dissimilar. Left mandible: outer margin of incisor
process armed with 9 marginal spines; molar
process a broad structure with 9 marginal and 2 sub-
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marginal spines. Right mandible: incisor process
with two acute protrusions, inner margin of molar
process with 8 marginal spines.
Maxillule (Fig. 4E, 5A): Coxal endite unseg-
mented with 6 plumodendiculate setae and one sub-
terminal simple seta (s). Endopod 2-segmented; 4
terminal setae (one simple seta (s) and 3 thin
plumodenticulate setae) and 2 subterminal thin
plumodenticulate setae; proximal segment unarmed.
Basial endite unsegmented; with one thin, subtermi-
nal plumodenticulate (p), two cuspidate (c) and two
plumodenticulate (p) setae; microtrichia located on
inner margin. 
Maxilla (Fig. 4F, 5B): Coxal endite bilobed, with
3+3 plumodenticulate setae. Basial endite bilobed,
with 4+4 plumodenticulate setae. Endopod unseg-
mented, bilobed, with 2 long setae on proximal and
3 on distal lobe; long microtrichiae on both margins
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FIG. 1. – Portunus acuminatus, zoea I. – A general overview. A: Lateral view; insert shows carapace structure. B: Dorsal view. C: Ventral
view. AB: abdominal segments, AN: antenna, AU: antennule, DO: dorsal organ, DMaS: dorso-marginal setae, DS: dorsal spine, E: eye, LS:
lateral spine, MXP1: first maxilliped, MXP2: second maxilliped, RS: rostral spine, T: telson. Arrows show setae in dorso-lateral region and 
dorso-marginal setae. All scale bars 100 µm, insert 10 µm.
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FIG. 2. – Portunus acuminatus, zoea I. – Appendages. A: Antennule (bar 20 µm) and antenna (bar 30 µm). Inserts: setules and denticles locat-
ed on the spinous process of antenna (bar 2 µm). B: first and second maxilliped (arrows show setae arrangement on basis) (bar 60 µm) and
distal part of endopod of maxiliped 2 (bar 20 µm). AN: antenna, AS: aesthetascs, AU: antennule, B: basis, D: denticle, EN: endopod, EX: 
exopod, MXP1: first maxilliped, MXP2: second maxilliped, S: setule, SP: spinous process.
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FIG. 3. – Portunus acuminatus, zoea I. – Appendages. A: Abdomen in lateral view (bar 100 µm) and abdominal segments 2-3 in dorsal view
(bar 60 µm). B: Telson, dorsal view (bar 40 µm). AB: abdominal segments, DLP: dorso-lateral process, DMaS: dorso-marginal setae, DS: 
dorsal spine, F: furca, LS: lateral spine, OLSP: outer lateral spine, PLP: posterior-lateral process, T: telson, TS: telson setae.
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of the endopod. Scaphognathite (exopod) with 4
plumose marginal setae and a long distal stout
process.
First maxilliped (Fig. 2B): Coxa without setae.
Basis with 10 medial simple setae arranged
2+2+3+3 on inner side. Endopod 5-segmented, with
2,2,0,2,5 (1 subterminal and 4 terminal) sparsely
plumose setae. Exopod 2-segmented; distal segment
with 4 long plumose natatory setae. 
Second maxilliped (Fig. 2B): Coxa without
setae. Basis with 5 single setae arranged 2+1+1+1.
Endopod 3-segmented, with 1,1,5 (2 plumodenticu-
late and 3 single setae). Exopod 2-segmented, distal
segment with 4 plumose natatory setae.
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FIG. 4. – Portunus acuminatus, zoea I. – Appendages. A: carapace structure located at the dorso-median-region (bar 20 µm). B: Inner view
on the labrum (bar 10 µm). C: Mandibles orientated in the zoea (maxillule and maxilla removed) (bar 40 µm). D: Inner view of the surface
on dissected mandibles (bar 70 µm). E: Ventral view on the left maxillule; SEM and light microscope (bar 30 µm). F: Inner view of the right
maxilla; SEM and light microscope (bar 30 µm). Arrows show microtrichia. B: basial endite, c: cuspidate seta, CO: coxal endite, DLR: dorso-
lateral region, DMR: dorso-marginal region, DPM: dorso-posterior margin, EN: endopod, IP: incisor process, LAB: labrum, ML: left 
mandible, MOP: molar process MR: right mandible, p: plumodenticulate seta, PRO: protopod, s: simple seta, SC: scaphognathite
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Abdomen (Fig. 3A): 5-segmented; segments 2-5
with dorso-marginally located pair of single setae;
segments 2 and 3 with dorso-lateral processes; seg-
ments 3-5 with posterio-lateral processes.
Telson (Fig. 3B): Posterio-external margins
extended into furcae; inner margin with 6 plumod-
enticulate setae; the two innermost with broad medi-
al setules; distal part of each branch with small den-
ticles; each branch of furca with outer spines on
proximal third.
DISCUSSION
The present description of P. acuminatus zoeae is
based on a combination of SEM and light micro-
scopical techniques applied to fixed larvae and dis-
sected appendages. The advantage of this combina-
tion of techniques is that even minute setules or
spines can be located and analysed using the SEM
(e.g. Meyer et al. 2004). In addition, the three-
dimensional structure of mouthparts can be studied
in detail. However, it was not possible to get a com-
plete SEM-preparation of the maxillule and the
maxilla. Therefore light microscopy was used for an
overview and SEM data were used for details to pro-
duce complete drawings of these two mouthparts.
Another advantage of our combined technique
seems to be the fact that we could analyse in detail
the inner part of the mandibles with the SEM. Ingle
(1992) mentions that the left and right mandible in
zoeae are usually slightly dissimilar and that details
are not easy to resolve by light microscopy due to
their gross three-dimensional structure. Using SEM
combined with dissection allows a thorough analy-
sis of mandibular structures, as shown by
Greenwood and Fielder (1979) who described the
mandibles of Portunus rubromarginatus using
SEM. A comparison of the mandibular structures of
P. rubromarginatus and P. acuminatus revealed dif-
ferences between the species; thus, such analyses
could give access to a relevant, and yet poorly stud-
ied set of characters for larval diagnosis.
Comparison of portunid zoeae
The family Portunidae Rafinesque, 1815,
includes the following six subfamilies: Carcininae
Macleay, 1838, Polybiinae (syn. Macropininae)
Ortmann, 1893, Portuninae Rafinesque, 1815,
Catoptrinae Borradaile, 1903, Caphyrinae Paul´son
1875 and Podophthalminae Dana, 1851 (Stephenson
and Campbell, 1960). Larvae of only the first three
of these were known when Rice and Ingle (1975)
sought to survey their knowledge on portunid zoeae.
They found distinctive features between the zoeae of
the Carcininae, Polybininae and Portuninae subfam-
ilies based on the presence or absence of carapace
lateral spines, the number of abdominal segments
with dorsolateral projections, the length of the pos-
terio-lateral processes of abdominal segments 3 and
4, the telson fork armature, the number of setae of
the telson’s posterior border, and the armature of the
middle segment of the endopod of the first maxil-
liped. Two of these characters can be studied in
Zoea-I-larvae: (i) Carapace lateral spines are well
developed in Polybiinae and Portuninae, but not in
Carcininae. (ii) The middle segment of the endopod
of the first maxilliped is armed in Polybiinae and
unarmed in Portuninae (Rice and Ingle, 1975).
The morphological characters analysed in the
present study correspond well with the subfamilial
larval characters for the Portuninae established by
Rice and Ingle (1975): (1) lateral carapace spines are
well developed, (2) dorso-lateral projections are
found on abdominal segments 2 and 3, (3) abdomi-
nal segments 3 to 5 bear posterior lateral processes,
(4) the telson fork spine number is similar and (5)
there is an unarmed endopod middle segment at the
first maxilliped.
Since the publication of Rice and Ingle (1975)
the larval stages of several species of Portuninae
have been described, e.g. Callinectes sapidus,
(Costlow and Bookhout, 1966), Charybdis acuata,
(Kurata and Omi, 1969), Portunus spinicarpus,
(Bookhout and Costlow, 1974), Portunus gibbesii,
(Kurata, 1970), Scylla serrata, (Wear and Fielder,
1985), Callinectes similis, (Bookhout and Costlow,
1977), Portunus rubromarginatus, (Greenwood and
Fielder, 1979), Portunus pelagicus, (Shinkarenko,
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FIG. 5. – Portunus acuminatus, zoea I. A: maxillule (ventral view),
B: maxilla (inner view).
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1979), Portunus gladiator, (Terada, 1979),
Thalamita danae, (Fielder and Greenwood, 1979),
Charybdis callianassa, (Greenwood and Fielder,
1980), Portunus pelagicus, (Yatsuzuka and Sakai,
1980), Portunus trituberculatus, (Yatsuzuka and
Sakai, 1982), Charybdis japonica, (Yatsuzuka et al.,
1984), Arenaeus cribrarius, (Stuck and Truesdale,
1988), Thalamita prymna, (Terada, 1986),
Thalamita crenata, (Krishnan and Kannupandi,
1990), Charybdis bimaculata, (Hwang, 1995),
Charybdis helleri, (Negreiros-Fransozo, 1996),
Callinectes danae, (Sankarankutty et al., 1999),
Charybdis helleri, (Dineen et al., 2001), Cronius
ruber and C. tumidulus, (Fransozo et al., 2002) and
Portunus pelagicus, (Josileen and Menon, 2004).
To include our findings in a generalised view on
Portuninae zoeae and to find diagnostic features for
P. acuminatus, we summarised the different mor-
phological characters of Zoea-I-larvae of Portuninae
(Table 1). It is concluded that all the described Zoea-
I-larvae of this subfamily [Portuninae] share the fol-
lowing characteristics: (1) number of setae of the
antenna exopod [2, unequal], (2) number of setae of
the maxillula endopod [4 + 2], (3) the number of
setae of scaphognathite of maxilla of the first zoea is
4, as in all non-majid zoeas, (4) unarmed middle
segment of the endopod of the first maxilliped, (5)
number of setae of maxilliped 2 [1-1-5, except
Callinectes sapidus: 1-1-4], (6) number of natatory
setae of exopods of maxilliped 1 and 2 is 4 as in all
brachyuran zoeae, (7) presence of carapace lateral
spines, (8) dorso-lateral processes on abdominal
segments 2 and 3. These characteristics confirm the
subfamily-classification established by Rice and
Ingle (1975).
The distinction between the different subfamilies
seems to be well established within the Portuninae.
However, the comparison of the morphological char-
acteristics of representatives of the four genera
Arenaeus, Callinectes, Cronius and Portunus (Table
1) indicates that within the subfamily Portuninae all
larvae have a very similar morphology that makes a
diagnosis at the generic level based only on morpho-
logical data of the first zoeal stage impossible at the
moment. Hence, using a combination of morpholog-
ical and other characteristics like chromatophore-
patterns, mandible structure and a comparison
including all zoeal stages might lead to results (e.g.
Terada, 1979). In addition, intraspecific variability
hinders species distinction, as has been shown for P.
pelagicus and Charybdis helleri, where differences
between the setal numbers of various appendages
and the telson morphology occur depending on the
region of origin of the samples (Shinkarenko, 1979;
Yatsuzuka and Sakai, 1980; Josileen and Menon,
2004). Stephenson (1972) explained this by the pres-
ence of undetected clines and subspecies (see also
Meyer et al., 2004). Furthermore, even larvae from
the same location show differences (Wehrtmann and
Albornoz, 1998; 2003).
Distinctive features of P. acuminatus zoeae
Nevertheless we found “good candidates” for
species-specific features of P. acuminatus zoeae that
have to be checked when new descriptions of other
Portunus zoeae become available. At the present the
Zoea-I-stage of P. acuminatus can be characterised
and distinguished from other described larvae of the
genus Portunus by the combination of the following
three features: (1) absence of a seta on the proximal
endopod segment of the maxillule, (2) the endopod
setation of the maxilla and (3) the telson fork arma-
ture. As can be seen in Table 2, these features are
also found in some other Portunus species, but not
in this combination. 
In addition, the larvae of P. acuminatus have two
conspicuous carapace structures not well known in
other portunid zoeae: the dorsal organ, located in the
anterior median region and a cuticular pore organ
located in the dorso-median region. The ultrastruc-
ture of the dorsal organ of other Decapoda is dis-
cussed in several papers (e.g. Laverack et al., 1996).
We observed the presence of the posteriorly and dor-
sally situated organs in Zoea-I-larvae of different
decapods (Meyer, pers. obs.). The presence or
absence of these organs and their structure might
become a useful character for larval diagnosis and
also important for future phylogenetic studies.
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